Abstract. We conducted laboratory-based surveillance and a case-control study to characterize the epidemiology of bloody diarrhea in rural Western Kenya. From
INTRODUCTION
Diarrhea causes substantial illness among rural subSaharan Africans; 1 visibly bloody diarrhea causes proportionally greater morbidity and mortality. 2, 3 Antibiotics are recommended for treating bloody diarrhea to shorten the duration of illness, decrease morbidity and mortality, and reduce the duration of bacterial shedding. [4] [5] [6] Antimicrobial resistance among the major bacterial causes of bloody diarrhea is increasing worldwide. 7 In sub-Saharan Africa, repeated prolonged outbreaks of dysentery with high case fatality rates have increased the demand for antibiotics; causative pathogens such as Shigella dysenteriae type 1 have developed resistance to locally affordable and available antibiotics. 8 Treatment of dysentery with antibiotics to which the etiologic agent is resistant may prolong illness and increase risk of hemolytic uremic syndrome and death. 9, 10 Following an outbreak of dysentery caused by S. dysenteriae type 1 near Kisumu in rural western Kenya during the mid-1990s 11 we established surveillance for diarrheal disease in this area. The project was conducted collaboratively between the Kenya Medical Research Institute (KEMRI) and the U.S. Centers for Disease Control and Prevention (CDC). The results of the first year of general surveillance for bacterial diarrhea have been previously reported. 12 We report the results of four years of laboratory-based surveillance for bloody diarrhea and the findings of a case-control study to identify preventable risks.
MATERIALS AND METHODS
Study site. The study took place in the Asembo Bay area of Siaya District in Nyanza Province in western Kenya ( Figure  1 ), a rural community bordering Lake Victoria populated by the Luo ethnic group. Fishing, raising cattle, and subsistence farming are the principal occupations. Villages are organized as loose conglomerates of family compounds separated by garden plots, grazing land, and streams. Rainfall is seasonal, occurring generally from March to May and from October to December. Nyanza is one of Kenya's most impoverished provinces; an estimated 63% of the population lived in poverty in 1997. 13 This province also has one of the nation's lowest immunization rates, highest infant mortality, 13 and highest prevalence of human immunodeficiency virus (HIV) (22% among adults 15-49 years old in 2000).
14 Malnutrition is common; endemic diseases include malaria, tuberculosis, and schistosomiasis.
Surveillance and specimen collection. Between May 1, 1997 and September 30, 2001 we conducted laboratory-based surveillance for diarrheal illness at three rural clinics: two government health clinics and the outpatient clinic of a mission hospital. Surveillance was conducted in conjunction with a study of the impact of insecticide-treated bed nets on child mortality and morbidity. On September 1, 1997 a fourth surveillance site was added at a private clinic. All four clinics treated adults and children. Surveillance was suspended during the last two weeks of each year for annual holidays and from October 1999 through January 2000 due to technical problems. At each clinic we enrolled up to five persons with diarrhea daily, defined as three or more bowel movements in any 24-hour period within the preceding five days. We defined diarrhea as bloody if blood was visible in the specimen or if the patient (or their caretaker) reported seeing blood in their stool. After each participant provided written informed consent, we collected demographic information, symptoms, and medication taken before the visit and prescribed as a result of the visit. We also collected stool specimens during the visit, which were placed immediately in Cary-Blair transport medium and kept cooled for same-day transport to the KEMRI/CDC Microbiology Laboratory (Figure 1 ). Specimens arrived at the laboratory within six hours of collection and were processed the same day. We returned the results of bacterial cultures and antimicrobial susceptibility testing to clinic staff at each surveillance site; these results were used to guide therapy.
Laboratory procedures. All stool specimens were cultured for Shigella, Salmonella, Vibrio, and Campylobacter; media, reagents, bacterial isolation technique, and antimicrobial susceptibility testing were routinely quality-controlled. The first 100 specimens were cultured for Escherichia coli O157:H7 using sorbitol MacConkey's agar and O157 latex reagent. We probed colony sweeps from a one-third random sample of cultures by a multiplex polymerase chain reaction (PCR) for gene sequences diagnostic for Shiga toxin-producing E. coli (STEC): Shiga toxins 1 and 2 (stx1, stx2), 15 and intimin (eae). 16 We determined antimicrobial susceptibilities of all bacterial pathogens except Campylobacter to ampicillin, amoxicillinclavulanate, ceftriaxone, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, nalidixic acid, streptomycin, sulfisoxazole, tetracycline, and trimethoprim-sulfamethoxazole by the Kirby-Bauer disk diffusion method; 17 interpretive criteria for susceptibility testing of Campylobacter have not yet been established.
Case-control study. Between November 1, 1997 and September 30, 1999 we conducted a case-control study to determine risk factors for bloody diarrhea. We defined a case as any person enrolled in our surveillance study who reported bloody diarrhea. For each case, we endeavored to enroll two healthy controls matched by age group (< 1 year, 1-4 years, 5-10 years, 11-17 years, 18-65 years, and > 65 years) and sex within two weeks of each case's presentation to control for seasonal variation. We first approached persons with nonacute medical conditions (e.g., vaccination, birth control consultation) attending the same clinic where the case had presented. If within 10 days of enrolling a case we had enrolled no matching clinic-based controls we then sought healthy age group-and sex-matched controls from the case's village of residence. Starting at the case's home compound, we systematically solicited potential controls from neighboring compounds. We excluded as controls persons who reported any form of diarrhea or any other gastrointestinal symptoms within 14 days of enrollment. After obtaining written informed consent, local health workers administered an initial questionnaire to cases and controls in local dialect asking about drinking water sources and food eaten during the past seven days, and personal hygiene (e.g., use of latrines, hand washing). Within 14-30 days after enrollment, village health workers visited both cases and controls at home (repeat visits were made to compound-based controls) to conduct followup interviews and collect observational data about the household.
Statistical methods. Due to unanticipated difficulties locating controls, few were enrolled within the two-week time frame by which they were to be matched to their intended case. As a result, the matching element associated with time of illness was modified to common calendar year and month of interview. Cases and controls within each one-month interval were matched by age group, sex, and either the clinic where the case presented or the case's village of residence. Data were entered using Epi-Info version 6.04 (CDC, Atlanta GA).
For dichotomous variables, we calculated maximum likelihood estimates of matched odds ratios (MOR) and their 95% confidence intervals (95% CIs) by conditional logistic regression analysis using SAS 8 (SAS Institute Inc., Cary, NC); MORs with P values Յ 0.05 were considered significant. For continuous variables, we compared means by Student's t-test and medians by the Wilcoxon rank sum method; differences that produced two-tailed P values Յ 0.05 were considered significant. We constructed a multivariable model using a step wise selection strategy that incorporated significant and nearly significant (P > 0.05 and P < 0.10) associations and evaluated for covariances and interactions. We calculated the fraction of illnesses attributable to or prevented by exposures that were significant in multivariable analysis by using MORs as estimates for relative risk on the assumption that the point prevalence of bloody diarrhea in the population studied was < 5%.
Scientific ethics. The CDC Institutional Review Board and the KEMRI Ethical Review Committee reviewed and approved the protocols for both the surveillance project and the case-control study. Informed consent was obtained from all patients, or their parents or guardians. Human experimentation guidelines of the U.S. Department of Health and Human Services and the Kenya Medical Research Institute were followed.
RESULTS
Surveillance. During 48 months of surveillance 2,374 specimens were collected, of which 451 (19%) were from persons with bloody diarrhea. The median number of specimens collected daily from all sites was three and never exceeded the potential maximum of five specimens per site per day. The median age of persons with bloody diarrhea was 26 years (interquartile range [IQR] ‫ס‬ 15-39 years) and 50% were male. Patients presented for evaluation and were interviewed a median of two days after illness onset (IQR ‫ס‬ 1-4 days). Reported symptoms included abdominal cramping (78%), fever (76%), nausea (53%), vomiting (31%), coincident mucousy diarrhea (82%), and coincident watery diarrhea (56%). We isolated no bacterial pathogen from 211 (49%) specimens, at least one pathogen from 231 (51%) specimens, and more than one pathogen from 16 (4%) ( Table 1) . Shigella was most common and accounted for 198 isolates (44% of all specimens): 97 (22%) S. flexneri, 41 (9%) S. dysenteriae type 1, 39 (9%) other S. dysenteriae, 13 (3%) S. boydii, and 8 (2%) S. sonnei. Campylobacter (33 isolates, 7%), nontyphoidal Salmonella (15 isolates, 2%), and a single Vibrio cholerae O1 (< 1%) were also isolated. No E. coli O157:H7 was isolated from the first 100 specimens from persons with bloody diarrhea, and there was no evidence of STEC among 165 (36%) randomly selected specimens screened by the multiplex PCR. Bloody diarrhea was most common among persons less than five years of age and young adults 20-29 years old (Figure 2) . Among 77 specimens from children 0-4 years old that yielded 44 isolates, Campylobacter was isolated from 18 specimens (23%), and was the sole bacterial pathogen isolated from 13 specimens (17%). Shigella was isolated from 20 specimens in children 0-4 years old (26%), and was the sole isolate from 13 specimens (17%). In comparison, among 370 specimens from persons greater than or equal to five years old that yielded 201 isolates, Campylobacter was isolated from 15 specimens (4%), and was the sole isolate from nine specimens (2%). Shigella was isolated from 176 specimens in persons greater than or equal to five years old (48%), and was the sole pathogen from 169 specimens (46%). Age data were missing for four persons.
The antimicrobial susceptibilities of isolated pathogens are shown in Table 2 . Excluding Campylobacter, < 10% of the isolates were susceptible to tetracycline, trimethoprimsulfamethoxazole, sulfisoxazole, and streptomycin, 19% were susceptible to ampicillin, 33% to chloramphenicol, and 34% to amoxicillin-clavulanate. More than 95% remained susceptible to nalidixic acid, kanamycin, and gentamicin, and 100% to ciprofloxacin and ceftriaxone. As in many parts of subSaharan Africa, antibiotics were readily available without prescription in this community. The likelihood of isolating a pathogen did not differ significantly between persons who reported taking antibiotics for their diarrhea before stool col- At the time of the clinic visit, 321 (71%) persons with bloody diarrhea were prescribed at least one antibiotic: 30% were prescribed amoxicillin, 20% trimethoprim-sulfamethoxazole, 11% doxycycline, and 10% tetracycline. Fewer than 10% were prescribed nalidixic acid, a fluoroquinolone, chloramphenicol, gentamicin, erythromycin, penicillin, or amoxicillin-clavulanate. Among 123 persons from whom a bacterial pathogen other than Campylobacter was isolated and who were prescribed an antibiotic, 91 (74%) received only antibiotics to which their isolate was not susceptible.
Case-control study of risk factors for bloody diarrhea. We enrolled 97 cases and 146 controls. Cases were older than other persons with bloody diarrhea in our surveillance study (median age ‫ס‬ 31 versus 26 years, respectively; P ‫ס‬ 0.01). Only five (5%) cases were less than five years old, compared with 17% of all persons with bloody diarrhea identified through surveillance. Cases did not differ from other surveillance patients by sex, village of residence, bacterial isolation rates, or the proportional distribution of bacterial species isolated ( Table 2) .
Among the approximately 120 risk factors about which we inquired, univariate analysis identified 11 that were significantly or nearly significantly associated with bloody diarrhea, six with increased risk, and five with decreased risk ( Table 3 ). Exposures that did not alter risk for bloody diarrhea included drinking boiled water from any source, presence of soap or a latrine at the home compound, frequency of latrine use, distance of latrines from the home compound's food preparation area, presence of human feces in the home compound yard, eating at a funeral within seven days of illness onset, density of buildings and rooms in the home compound, methods for water storage, and methods for removing water from storage vessels.
In multivariable analysis, two exposures remained independently and significantly associated with increased risk of bloody diarrhea: drinking water from Lake Victoria (the major source of water for all uses in this community) within seven days of clinic presentation (MOR ‫ס‬ 4.13, 95% CI ‫ס‬ 1.68-10.15) and allowing other families to use the compound latrine (MOR ‫ס‬ 2.76, 95% CI ‫ס‬ 1.26-6.06). Two exposures remained independently and significantly associated with decreased risk of bloody diarrhea: washing hands after defecating (MOR ‫ס‬ 0.29, 95% CI ‫ס‬ 0.11-0.79) and eating food from a street vendor within seven days of clinic presentation (MOR ‫ס‬ 0.26, 95% CI ‫ס‬ 0.13-0.52). We calculated that 27% of the illnesses could have been potentially averted by not drinking Lake Victoria water and 22% of the illnesses by not allowing other families to use the home compound latrine. Washing hands after defecating averted 67% of the illnesses that could have potentially occurred, and eating food from a street vendor averted 48% of the potential illnesses.
DISCUSSION
Similar to previous studies in Africa, we found that Shigella predominated as a cause of sporadic bloody diarrhea, 2, [18] [19] [20] [21] particularly S. flexneri. No outbreaks of S. dysenteriae type 1 were detected during the four years of surveillance. We found that Campylobacter and Shigella were isolated with equal frequency from children less than five years old with bloody diarrhea. In comparable studies of semi-urban Bolivian children less than five years old 22 and Thai children 1-10 years of age 23 with bloody diarrhea, Campylobacter was isolated at least half as frequently as Shigella. Although Campylobacter infections are among the most common causes of childhood bacterial diarrhea in developing countries, young children in these circumstances also exhibit high rates of asymptomatic Campylobacter carriage. 24, 25 We did not culture stool from healthy children to more definitively quantify Campylobacter's contribution to bloody diarrhea; early in the study we found that requesting stool specimens from persons without diarrhea substantially reduced recruitment of controls. Previously published data from this same surveillance system showed asymptomatic carriage rates for Campylobacter, Shigella, and Salmonella among 100 persons (mostly adults > 18 years old) of 8%, 3%, and 2%, respectively. 12 We found a high level of resistance to the antibiotics most commonly prescribed; 74% of persons with bloody diarrhea (excluding Campylobacter) received antibiotics to which their isolate was not susceptible. Our data were inadequate to assess the clinical impact of these findings (e.g., duration of bloody diarrhea, mortality, or bacterial shedding). Nonetheless, strategies to improve prescription practices that use surveillance data to rationally guide more judicious antibiotic use warrant consideration.
We identified no resistance to ciprofloxacin and minimal resistance to nalidixic acid. Other studies have also found little resistance to nalidixic acid and/or no resistance to ciprofloxacin among Shigella in East Africa [26] [27] [28] [29] and in other African countries. 19, 20, [30] [31] [32] [33] [34] [35] [36] However, in areas where nalidixic acid has been introduced as the drug of choice to treat presumptive shigellosis, a marked increase in corresponding resistance has been observed. 8, 16, [31] [32] [33] [34] [35] The ease with which antibiotics can be obtained without prescription may add further to selective pressure. 36 Thus, although nalidixic acid is an attractive choice for treating bloody diarrhea where antimicrobial resistance limits other options, it should be used ideally only for illnesses most likely caused by Shigella or where Shigella infection could result in greater morbidity and increased risk of death (e.g., persons with acquired immunodeficiency syndrome [AIDS]). Retail availability of nalidixic acid should be controlled to prevent broad and indiscriminate use. If nalidixic acid is introduced for routine treatment of bloody diarrhea, surveillance for antimicrobial susceptibility of local bacterial pathogens should be maintained.
The case-control study identified several opportunities for primary prevention of bloody diarrhea that could decrease the overall need for antibiotics. Drinking water from Lake Victoria increased risk. Investigation of a 1997 cholera outbreak in this community also implicated water from Lake Victoria as a risk for enteric illness. 37 Ponds, streams, and other surface sources, including Lake Victoria, are used for bathing, washing clothes, and watering livestock, leading to contamination with human and animal waste. During dry seasons when rainwater and borehole water are less available, disinfecting drinking water from available surface sources may substantially reduce illness.
Sharing latrines has been previously associated with an increased risk of infection with epidemic S. dysenteriae type 1. 38 In this study, sharing latrines increased risk for sporadic bloody diarrhea as well. This practice may increase community exposure to infected feces; building more latrines could potentially reduce cases of bloody diarrhea.
Washing hands after defecating was protective, a finding also consistent with other studies. 39 It has been estimated that the attributable risk for dysentery from not washing hands before preparing food in rural African communities is as high as 30%. 40 Handwashing, especially if soap is used, substantially reduces both primary Shigella infections and secondary transmission. 41 The observation that street vendor foods were protective contradicts the findings of numerous previous investigations. 38, 39, [42] [43] [44] These studies were all conducted in urban or peri-urban settings. In this rural community, vended foods and beverages were unique insofar as they typically included items considered safe from bacterial contamination: fruits with thick peels (e.g., bananas), bottled carbonated beverages, and cooked foods served hot (e.g., roasted corn, fried dough). Street vendors did not generally sell water or cold precooked foods. The ability to purchase street vended foods may also be a marker for greater socioeconomic status, an alternate explanation that could confound these results and for which we did not have information.
Our bacterial isolation rates during this study of sporadic bloody diarrhea (overall ‫ס‬ 51%, Shigella ‫ס‬ 44%) compare favorably with the rates reported from a cross-sectional survey for Shigella from a comparable survey in rural Uganda (isolation rate ‫ס‬ 35%) 28 and during outbreaks of S. dysenteriae type 1 in Burundi and Rwanda (isolation rates ‫ס‬ 20-73%). 8, 34, 45 We did not examine stool for parasites; however, their contribution to the burden of bloody diarrhea illness is probably low in this community. Examination of a convenience sample of 75 whole stools collected from our surveillance sites between April and November 1997, which included 17 specimens from persons with bloody diarrhea, demonstrated no Entamoeba, Schistosoma, or other parasitic infections potentially associated with dysentery (CDC, unpublished data). A study of acute bloody diarrhea in a comparable population of adults in Malawi during 1995 found 8% of specimens yielded Schistosoma mansoni as the sole pathogen, no specimens yielded only Entamoeba, and 22% yielded only Shigella. 20 In a study of bloody diarrhea specimens collected during an S. dysenteriae type 1 outbreak in Burundi, six of 107 specimens without S. dysenteriae type 1 (6%) yielded E. histolytica, of which one also yielded S. flexneri. 8 Enteric viruses are not known to cause bloody diarrhea and we did not examine for these agents. Other bacteria for which we did not culture may have caused bloody diarrhea (e.g., enteropathogenic E. coli). Inadequate bacterial inoculums in cultured stools may have also reduced yield. Although presence of antibiotics in stool can suppress bacterial growth, we ob-served no difference in the bacterial isolation rates from persons who reported having taken an antibiotic before specimen collection compared with persons who did not.
Infection with HIV may be an important comorbidity for bloody diarrhea illness in this community, where an estimated 22% of young adults are infected.
14 We were unable to ascertain study participants' HIV status and therefore cannot compare the burden of disease and its etiologies among HIVinfected and uninfected persons. The bimodal peak incidence of sporadic bloody diarrhea in children less than five years old and young adults 20-29 years old is consistent with at least one previous observation of sporadic Shigella infections in the pre-AIDS era. 46 It is also possible that the greater incidence of bloody diarrhea we observed among young adults reflects the greater burden of HIV infection in this age group.
This study had additional limitations. The case-control investigation did not assess risk associated with recent contact with another person with bloody diarrhea or with antimicrobial use preceding illness, factors that are both associated with increased risk of epidemic S. dysenteriae type 1 infection. 8 Fewer then 5% of the persons enrolled in our case-control study were 0-4 years old, limiting our ability to examine risk factors that may be unique to young children, in whom we found Campylobacter to be as common a cause of bloody diarrhea as Shigella.
In summary, Shigella causes most sporadic bloody diarrhea in western Kenya, although Campylobacter may account for a large fraction of illnesses in children less than five years old. There is substantial resistance among Shigella to the antibiotics most frequently prescribed for bloody diarrhea, and many persons receive medication to which their infecting bacteria are not susceptible. Providing access to safe drinking water and to latrines, and promoting hand washing could substantially reduce the incidence of bloody diarrhea, the resultant need for antibiotics, and the pressures favoring increased antimicrobial resistance.
